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Compute a dose to be delivered in the next puff{s)/trial{s) m, {using a dose
computation unit) (FIG. 7 A -7 B)
1000

Predict the puff duration of the next puff/trial {using a puff duration
predictor unit), Py (FIG. 8}
1010

Compute the partial doses to be delivered during each successive time
P”}Zﬁ), where At is the duration of each time intervalj
/A
1020

Start the time period (t, ) having a plurality of n time intervals, 7, of
duration At

Determine the temperature of the heater and/or the vaporizable material to
he heated immediately before the time intervali {i.e., the temperature at
the previous time interval, T;_{}, and the puff flow rate immediately before
the time interval j {F; )

1040

Compute the the power P; to be delivered to the heater at time interval j,
using a dose delivery unit
1050

Control the power applied to the heater P; (using a heater controller) at the
time interval/ '
1060

End of the
time
neriod ?
1070~

| Move to next
| time interval

(i =1+ 1)
1080

Sum all the n delivered partial doses to determine the dose vaporized during
the time interval (e.g., actual puff duration), e.g., AMeym= 2i=1 AMy
(or Am = Am; - 1)
1090

FIG. 6
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l Dehver 3 sequence of equal doses (e g 3 sequence of 20 med:um hlgh Ievel |
: doses) |
b e e e 2000 oo '
|  Initialize a computational stage with 2 = n_ + n, doses to be delivered:
e > initialize a sequence of positions for n.. negative doses differences and 7
' ' positive doses differences; initialize a counter for delivered doses ¢=0.
e ¢
Initialize the n_ negative doses differences (dif f; ,i € 1, ..., n_} taking
samples from a gaussian distribution: dif f;"~N{u_, o2 ).
________________________________________________________________________________________
| Initialize the n., positive doses differences (dif /7, i € 1, ..., ny), computing:
_ i o (@ —D_)f— (ay < dif f{ + ay - diffs +- o+ - diffi)
3030
.............. o e doeT T 'dewe'red e
D =D, 4+ diff;,i =2,..,1and
Dy =D_{+ d’fﬁ
_______________________________________________________________________________________ 040
- 'in < Di < max’ ~
Deliver the ¢c-th computed dose and increment ¢: ; 5
C = C + 1 .: ..... :
3060 ' |

FIG. 7A
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Update 11 = 7i-¢, update the number of the remaining negative and positive

Compute the dose difference between: the actual delivered and
measured/detected dose and the previous delivered and measured dose

{obtaining dlf Cdeiivered)
3030

delivered ' _

“Sign{diff,
Si Qn-(d if fcmmputed ) .
- 3090~ —

. | Daetiverea — Del < &y
3095

IDdeIivered o Dci = k?l B
3097

3099

FIG. /7B
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Initialization: {e.g.,, w = (0, ...,0); ¢ = 100 ; C = 10)
4000

Extract primary features (p.) (e.g., the putf durations and the delivered
p: the dose to be delivered in the next puff
4010

Compute the features vector, x; {e.g., by generating polynomial and/or
interaction features)

Make a prediction ¥, {e.g., the puff duration) for the actual/next puff (¢):
Ve = WX
4030

Extract the measured y, and compute the loss function I :

= 1 0 ity =Vl s ¢
l?(wt: (xt;yt))i == { Y = Ve

tHy: — 9l <& otherwise
4040

Compute: v, = sign(yy — W¢ < X )Xy
4070

Compute: 7, = ———5~ {0 T, =
. - .

4080
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Start the stage (s, ) having a plurality of 71 doses to be delivered, D;

(with j as index for the i-th dose D;)
5000

Compute the doses to be delivered in the following trials of the actual
stage s,,, given the settable constraints for the doses (e.g., min and max
values for doses, average dose for the actual stage, etc.); using a dose
computation unit (FIG. 10)

5010

Deliver and control the computed dose {e.g., whenever a dose is requested,
temporally, etc.}
5020

Move to next
dose D,

End of the
stage?
5030

(i =i+ 1)
5040

FIG. 9
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: Jeliver a sequence of equal doses (e.g., a sequence of 6 constant medium-
i high level doses) 1
]

Initialize a computational stage with 71 = n_ + n, doses to be delivered:
initialize a sequence of positions for n_ negative doses differences and n,
positive doses differences

— 6010

initialize the n_ negative doses differences {dif f, ", i € 1, ..., n_} taking
samples from a gaussian distribution: dif f;” ~N{u_, a2 ).
6020

Initialize the n, positive doses differences {dif ;7,1 € 1, ..., n.), computing:
diff = (@ — D_ A — (e dif fy +ay - diff; + o+ ay -dif fa)

Compute the doses to be delivered in the actual stage:
D, = D;_, +diff;,i =2,..,Aand
D1 —— D._... +- dlffi

min < D; < max™
i =12, .., 1
- 6050 -

‘min < dif f; < max
i =12, ..,7
6060

kel mle she sle she she sle sle s sle she s sle she s sle sle s sle she s sle sle she sle sle she sle she e sle sle e sle sle s sle she e sle sle e sle she s sle sle e sle sle e sle she e sle sle sbe sle she she wle

Deliver the computed doses in the computed sequence (e.g., whenever a
dose is requested, temporally, etc.)
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ADAPTIVE SYSTEMS AND METHODS FOR
DELIVERY OF A MEDICAMENT

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of provisional patent
application Ser. No. 62/859,759, filed 2019 Jun. 11 by the
present mventors, which 1s incorporated by reference 1n its
entirety.

INCORPORAITION BY REFERENCE

All publications and patent applications mentioned 1n this
specification are herein incorporated by reference in their
entirety to the same extent as 1f each individual publication
or patent application was specifically and individually indi-
cated to be mncorporated by reference.

FEDERALLY SPONSORED RESEARCH

None.

SEQUENCE LISTING

None.

BACKGROUND

Nowadays, electronic medicament delivery devices are
widely adopted for their practical and safe utilization, for
calibrated dose delivery, and for improving the medicament
delivery for patients. For example, patient-controlled anal-
gesia (PCA) devices and methods, such as, for instance,
patient-controlled epidural analgesia (PCEA) devices, allow
users to self-administer pre-computed and programmed
doses of drugs (e.g., opioids, analgesic drugs, etc.) safely
and eflectively.

Other examples of electronic medicament delivery
devices are pulmonary drug delivery systems: they have
been used for long time to deliver medicaments for the
treatment of respiratory disorders. The principle behind
pulmonary drug delivery 1s aerosolization of drug com-
pounds to be delivered to bronchioles and alveoli. Despite
tacing challenges like particle size optimization and degra-
dation, a number of companies have developed technologies
to deliver treatments for diabetes, migraine, osteoporosis,
asthma, cancer and others.

Many preclinical and climical studies have demonstrated
that pulmonary delivery of medicaments 1s an eflicient
method for the treatment of both respiratory and systemic
diseases. The many advantages of pulmonary delivery are
well recognized and 1nclude rapid onset, patient self-admin-
istration, reduced side-eflects, ease of delivery by inhalation,
and the elimination of needles.

Nowadays, vaporizing devices, including electronic
vaporizer devices or e-vaporizer devices, allow the delivery
of vapor containing one or more active ingredient by 1nha-
lation of the vapor. Electronic vaporizer devices are adopted
both for prescriptive medical use, 1 delivering medica-
ments, and for consumption of tobacco and other plant-
based smokeable materials. Nevertheless, administered and/
or self-administered drugs often present toxic side eflects
which increase with the cumulative administered dose. In
the scientific literature, more specifically in the field of
behavioral sciences, 1t has been shown that partial reimnforce-
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ment administration protocols can increase drugs therapeu-
tic effects while keeping low the toxic side effects.

On the basis of such administration protocols, in some
administration trials a full dose of active drug 1s adminis-
tered, while 1n the majority (or at least 1n the hall) of trials,
a placebo 1s administered (for instance, only 25% of the
trials are reinforced with a full dose of active drug, while 1n
the remaining 75% of the trials an 1nactive placebo 1s
administered, typically in pseudo-random order). In general,
the following procedure 1s adopted: first, associative learn-
ing 1s used to establish pharmacotherapeutic conditioning 1n
the baseline period where each trial 1s reinforced; after such
an 1nitial learning phase, a partial schedule 1s provided with
tull active dose versus placebo or low dosages altering from
trial to trial. Nevertheless, such described protocols present
different drawbacks: a) for some diseases 1t can be danger-
ous to administer (almost) completely empty doses 1n the
majority of the trials (1.¢., to administer a pure placebo in the
majority of the trials) and relatively high doses 1n few trials;
b) 1t 1s not clear which rules or algorithms have to be adopted
in the computation of the doses and about their relative
frequencies, so that attempts and experiments have to be
made 1n order to know 11 a specific administration schedule
can be eflective for the treatment of the given specific
disease; ¢) a schedule consisting of some trials at a full dose
administration versus some trials with placebo administra-
tion can determine a low patient experience about the
treatment; d) the disclosed schedules or administration
methods 1n the prior art can be improved and generalized for
a broad spectrum of treatments.

What 1s needed, 1s a method and apparatus (e.g., system
and/or device) for enhancing the positive/therapeutic or the
desired drug eflects while reducing the cumulative drug
dose, and hence, the related toxic side eftects. Further, 1t
would be helpiul to provide such methods and apparatuses
applicable for a broad range of diseases and treatments. In
particular, 1t would be helptul to provide methods and
apparatuses for deliver varying doses of active drug (includ-
ing active ingredients, even vapor or substances to be
inhaled) 1in successive administration/inhalation trials, such
that, the desired drug eflects are enhanced while the cumu-
lative drug dose 1s decreased or kept constant or even
decreased.

For example, medicament delivery devices and vaporizer
clectronic devices may take advantage of the features listed
above. In fact, 1t 1s well known that nicotine self-adminis-
tration by conventional cigarettes 1s harmiul and causes
chronic diseases and cancer. For this reason, some compa-
nies have developed a range of products that have the
potential to present less risk of harm to individuals than
continued smoking conventional cigarettes (CCs) and
reduce population harm compared to CCs. Some of the
abovementioned products are represented by electronic
vaporizer devices, e-cigarettes and, 1n general, by electronic
devices which produce vapor or aerosol to be delivered to
the user by heating liquid or solid material (or powder or
loose-leal’ material) containing nicotine. Such electronic
devices can deliver micotine with pharmacokinetic profiles
which are similar to those obtained with CCs. This suggests
that such devices can satisty smokers and be a wiable
alternative to cigarettes for adult smokers who want to
continue using tobacco. Nevertheless, only a small fraction
ol cigarettes smokers eflectively switch from CCs to vapor-
1izing devices; this 1s due to the fact that some aspects of
smoking CC cannot be effectively reproduced by electronic
vaporizers. For instance, specific features related to smoking
CC, such as rituals, flavors, chemosensory characteristics,
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and others, represent rewarding and appetitive cues per se
for heavy smokers, and they cannot be reproduced by
clectronic vaporizers and e-cigarettes. For this reason, some
companies have developed specific electronic devices
known as Tobacco Heating System (THS), which are
designed to reduce the production of harmiul and potentially
harmiul constituents (HPHCs) in comparison to a conven-
tional cigarette where tobacco 1s burned. In THS a tobacco
product 1s heated, but 1s not burned, so that an aerosol which
contains nicotine but reduced levels of HPHC 1s produced
and 1nhaled by the user. Despite the fact that such THS
devices reproduce some aspects of the CC smoking, such as
tobacco tlavors, rituals, and some of the chemosensory cues,
only a small fraction of CC smokers are able to switch from
CC to THS. In fact, burned tobacco 1n CC releases more than
5000 chemical compounds other than nicotine, and such
substances contribute to determine specific chemosensory
characteristics and cues which have been strongly reinforced
over time 1n heavy CC smokers. Such chemosensory cues
represent rewarding cues for heavy smokers, so that they
make CCs more rewarding and appetitive with respect to
THS devices. Furthermore, recent research papers have
raised concerns about the fact that burned tobacco can be
harmtul at the same level of CCs. Hence, what 1s needed 1s
a method and/or apparatus (e.g., system and/or device) for
enhancing the product acceptance (subjective reinforcing
ellects and sensorial experience, including satisfaction and
pleasantness) and for improving user experience, while
decreasing the cumulative substance(s) administration. In
particular, 1t would be helpful to provide methods and
apparatuses lor enhancing the neuropsychophysiological
and/or the physiological rewarding eflects of using elec-
tronic vaporizers or THS devices, and/or of their associated
cues (e.g., ellects on the central nervous system, rewarding
cllects, flavors, perception of chemosensory features, etc.).
Further, 1t would be helpful to provide such methods and
apparatuses to decrease (or keep at the same level) the
cumulative drug or substances/compounds (e.g., nicotine)
delivered dose. Further, 1t would be helpful to provide such
methods and apparatuses to deliver predetermined or pre-
computed varying doses, and/or real-time or quasi-real-time
computed varying doses ol vapor or material (including
active ingredients), over successive pulls/trials. Further, as
tar as THS and some vaporizer devices are concerned, 1n
which the delivered or inhaled dose (also) depends on the
user behavior (e.g., it depends on the puiling topography
features), 1t may also be helpiul to provide a method and
apparatus for predicting the actual and/or the next user puil
characteristics or inhalation characteristics and {features
(e.g., pull duration) since, without such a knowledge it
would be more diflicult (or even impossible in certain
devices) to deliver a given computed dose of material
(including active ingredients); moreover, such a knowledge
or prediction, may help 1n counteracting users compensation
(1.e., changing their puiling behavior to compensate for
lower nicotine levels and/or lower chemosensory character-
1stics in mainstream smoke, such as making increased and
more intense puiling) which 1s generally observed in users
that are switching from CCs to electronic vaporizers or THS
devices. Further, 1t would be helptul to provide and elec-
tronic record of the delivered doses, and of the related
puiling features.

The methods disclosed herein are adaptable to the deliv-
ery of nicotine for therapeutic eflect in various diseases, 1n
particular nicotine for tobacco product use cessation, sub-
stitution and/or harm reduction. Because the requirements
for a cigarette substitute are particularly difficult to satisty,
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the present invention 1s herein described primarily with
reference to nicotine delivery, but 1t will be understood that
the invention 1s more generally applicable and addresses the

general need for methods and apparatuses (e.g., systems
and/or devices) for enhancing the desired physiological
ellects of a given active drug (e.g., immunosuppression,
analgesia, rewarding eflects, pleasantness, etc.), while
decreasing (or maintaining the same) the cumulative drug
dose or adjusting it as desired, over time. In particular, the
present mvention may be applicable for electronic medica-
ment delivery devices and systems.

INCORPORAITION BY REFERENC.

L1l

All publications and patent applications mentioned 1n this
specification are herein incorporated by reference in their
entirety to the same extent as 1f each individual publication

or patent application was specifically and individually indi-
cated to be mcorporated by reference.

SUMMARY OF THE DISCLOSURE

Described herein are electronic delivery devices which
deliver substances (for example electronic medicament
delivery devices), or systems and methods of operating
them. In particular, described herein, are methods for com-
puting, controlling and delivering varying doses of sub-
stance (1including active ingredients and drugs) over succes-
sive administration trials, 1n a pre-determined order or 1n a
random order or 1n a pseudo-random order.

In certain embodiments, described herein are vaporization
devices and methods of operating them. In particular,
described herein, are methods for computing, controlling
and delivering computed doses, 1n a predetermined order or
in random order, or 1n pseudo-random order, of vapor and/or
material (including active ingredients) in the vapor that can
be delivered to a user.

More specifically, in certain embodiments, described
herein are electronic vaporizers and methods of using them
that determine and deliver a succession of doses/amounts of
vapor and/or material in the vapor, based primarily, or
exclusively, on the previous delivered dose(s)/amount(s) of
inhaled vapor or matenial (including active ingredients) and
based on the desired average cumulative delivered dose (1.¢.,
the cumulative dose delivered, or to be delivered, 1n sequen-
tial puils/trials divided by the considered number of puils/
trials), also based on the constraint that each dose can take
only values within a given settable range (e.g., a range
delimited by a maximum and a minimum value) and/or
based on the constraint that each dose difference can assume
only values within predetermined ranges, wherein a dose
difference represents the difference between the dose deliv-
ered 1n a given trial and the dose delivered in the trial
immediately before, or the difference between the dose
delivered 1n a given trial and a liner combination of the doses
delivered sequentially in some of the trnials immediately
betore.

In particular, 1n some embodiments, described herein are
methods and devices that compute and deliver successive
and sequential varying doses/amounts of vapor or matenal,
for each of the sequential puils/trials or administration trials,
in deterministic or random or pseudo-random order, such
that, starting from a given or predetermined trial, the average
positive dose difference 1s greater in magmtude than the
average negative dose difference, subject to the constraint
that the average cumulative administered or inhaled dose
(1.e., the sum of the doses delivered over successive pulls/
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trials divided by the number of trials) 1s kept constant over
time (or over successive pulls/trials) or 1t 1s reduced (or 1t 1s
varied and set as desired), and subject to the constraint that
cach dose can take only values within a given/settable (or
predetermined) range, and/or subject to the constraint that a
dose difference can assume values within predetermmed
ranges, wherein a dose diflerence 1s defined as the difference
between the dose of vapor or material (including active
ingredients) delivered or inhaled 1n a given trial and the dose
delivered or inhaled 1n the trial immediately before, or as the
difference between the dose delivered or inhaled 1n a given
trial and a liner combination of the doses delivered or
inhaled sequentially in some of the trials 1mmedlately
before, and wherein a positive (negative) dose diflerence 1s
defined as a dose difference whose value 1s greater (smaller)
than zero, and wherein the average positive (negative) dose
difference 1s defined as the sum of the values of the positive
(negative) doses diflerences divided by the number of such
positive (negative) doses diflerences.

In certain embodiments, described herein are electronic
vaporizers and methods of using them that compute, deliver,
control, and determine a succession of doses/amounts of
vapor and/or material i the vapor based primarily or
exclusively on: a) the previous delivered dose(s)/amount(s)
of 1inhaled vapor or material (including active ingredients);
b) the predetermined (or desired) average or cumulative
dose to deliver; the constraint that each dose can take only
values within a given range and/or the constraint that each
dose difference can take only values within predetermmed
ranges; ¢) the predicted pull duration of the actual puil, and
the pull flow rate (or a related quantity such as the pull
pressure or the pull volume); d) the temperature of the
material as 1t 1s vaporized. In some variations the tempera-
ture of the matenal as it 1s vaporized may be estimated based
on the electrical properties, e.g., the temperature coetlicient
of resistance or TCR, of the vaporizing element. In particu-
lar, in some embodiments, described herein are methods and
devices that compute and deliver successive varying doses/
amounts of vapor or material, in deterministic or random or
in pseudo-random order, such that, starting from a given or
predetermined puil/trial, the average positive dose differ-
ence 1s greater 1n magnitude than the average negative dose
difference, wherein a dose dillerence 1s defined as the
difference between the dose of vapor or material (including
active mgredients) delivered or inhaled 1n a given trial and
the dose delivered or inhaled in the trial immediately before,
or as the difference between the dose delivered or mnhaled 1n
a given trial and a liner combination of the doses delivered
or mhaled sequentially 1n some of the trials 1mmedlately
betfore, and wherein a positive (negative) dose difference 1s
defined as a dose diflerence whose value 1s greater (smaller)
than zero, and wherein the average positive (negative) dose
difference 1s defined as the sum of the values of the positive
(negative) doses differences divided by the number of such
positive (negative) doses diflerences.

In certain embodiments, the computation, the delivery and
the control of a succession of doses/amounts of vapor and/or
material 1n the vapor 1s based primarily or exclusively on: a)
the previous delivered dose(s )/ amount(s) of inhaled vapor or
material (including active ingredients); b) the desired or
predetermined average or cumulative dose to deliver; the
constraint that each dose can take only values within a given
(or predetermined) range and/or the constraint that each dose
difference can take only values within predetermined ranges;
¢) the predicted pull duration of the actual puil, and the puil
flow rate (or a related quantity such as the pufl pressure or

the pufl volume); d) the temperature of the material as 1t 1s
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vaporized, or an 1ts estimation based on the electrical
properties, €.g., the temperature coellicient of resistance or
TCR, of the vaporizing element.

Although many of the examples described herein are
directed to compute and determining dosage of nicotine or
other tobacco-related materials, 1t should be understood that
these methods and apparatuses may be used for dosage
computation, determination and delivery of any vaporizable
material, including therapeutic drugs, for enhancing their
primary and desired (e.g., therapeutic, physiological) efects.
Examples of active ingredients that may be used as
described herein are provided below, and may include
botanicals, nutraceuticals, pharmaceuticals, and the like,
including combinations of these. The methods and appara-
tuses described herein may provide relatively pure material
directly to the lungs, which may speed the action 1n the body,
including both the time of onset and the off-time.

In some embodiments, disclosed herein are methods and
devices that allow an improved ability to substitute for the
nicotine delivery subjects experience while smoking ciga-
rettes and similar tobacco combustion products. With
improved nicotine delivery profiles, subjects applying the
methods described herein will be provided with superior
nicotine replacement therapy during attempts at smoking
cessation, harm reduction and/or substitution. The methods
of this disclosure can be implemented using any electronic
vaporizer device or vaporizing device configured as speci-
fied herein.

For example, the present disclosure provides a method for
delivering successive doses (e.g., material, vapor, active
ingredients) i computed (e.g., 1 real time, or pre-coms-
puted) amounts and orders, for increasing the neurophysi-
ological and/or physiological drug et

ects while reducing or
setting as desired the average delivered dose, through dose
computation, dose control, dose delivery and calibration of
clectronic vaporizer devices. These methods and appara-
tuses may include a) a dose computation system, which may
compute the actual and the successive dose(s) to be deliv-
ered based on the previous delivered dose(s) and a set of
constraints (e.g., constraints related to the average cumula-
tive dose to deliver, the values that each dose can take,
and/or the values that each dose difference can take, etc.); b)
a pull duration predictor system which may construct a
relationship of the actual (or next) puil duration as a function
of previous pull topography features and/or patterns (e.g.,
the pull durations, average flow rates, average pressure
drops, pull volumes, etc. of few of the previous pulls), the
related previous delivered doses and, optionally, the actual
dose to be delivered; ¢) a dose delivery system comprising
setting-up: 1) a relationship of total particulate matter (1PM)
or active ingredient vaporization or release as a function of
temperature, time, power consumption ol the vaporizing
clement(s) and the pufl flow rate (which may be determined
by a pull sensor or by a flow sensor); 2) a relationship of the
power to be delivered to the vaporizing element (e.g., coil)
as a function of the temperature (which may be determined
by electrical resistivity or otherwise measured by a tempera-
ture-proportionate property), time, pull flow rate (which
may be determined by a pull sensor or by a suitable sensor),
the partial dose (e.g., material) which has to be delivered. In
some embodiments, the present disclosure provides a
method of metered dose control, dose computation, dose
delivery and calibration of electronic vaporizer devices
comprising measuring the amount of material vaporized
from a vaporizable material from an electronic vaporizer
device or vaporizing device relative to power, temperature

and flow rate; particularly, a method comprising a) a dose
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computation system, which may compute the actual and the
successive dose(s) to be delivered based on the previous
delivered dose(s) and a set of constraints (e.g., constraints
related to the average cumulative dose to deliver, the range
of values that each dose can take, the range of values that
cach dose difference can take, etc.); b) a pull duration
predictor system which may predict the actual (or next) pull
duration as a function of previous pull topography features
and/or patterns (e.g., the pull durations, average flow rates,
average pressure drops, pull volumes, etc. of few of the
previous pulils), the related previous delivered doses and,
optionally, the actual dose to be delivered; ¢) a dose delivery
system comprising setting-up: 1) a relationship of total
particulate matter (TPM) or active ingredient vaporization or
release as a function of temperature (which may be deter-
mined by electrical resistivity or otherwise measured by a
temperature-proportionate property), time (which may be
associated with detection of pu'ﬁng/inhalation by the user),

power consumption of the vaporizing elemen‘[(s) and the
pull tlow rate (which may be determined by a pull sensor or
by a flow sensor); 2) a relationship of the power to be
delivered to the vaporizing element (e.g., coil) as a function
of the temperature (which may be determined by electrical
resistivity or otherwise measured by a temperature-propor-
tionate property), time, pull flow rate (which may be deter-
mined by a pull sensor or by a suitable sensor), the partial
dose (e.g., material) which has to be delivered.

Thus, described herein are methods of computing and
delivering successive varying doses ol a vaporizable mate-
rial to a user of a vaporizing device over a time period (e.g.,
a single pull) and/or over a “stage”, wherein a stage involves
a predetermined number of pulls, which may be set 1n the
factory. The time period typically comprises a plurality of
sequential time intervals. In any of these methods and
apparatuses the vaporizing device may include a heater
controller, a heater, a dose computation unit, a puil duration
predictor unit, a dose delivery unit, a source of the vapor-
izable material, a pull sensor detecting a user pu and
measuring the pufl flow rate and eventually measuring some
pulling features (e.g., the pull duration, the pressure drop,

tc.; a pull sensor may be any sensor which can detect
airtlow 1indicative of a user taking a pull. The sensor may be
an electro-mechanical device; alternatively, the sensor may
be any of a mechanical device, an optical device, an opto-
mechanical device, a micro electro mechanical systems
(MEMS) based sensor and an acoustic sensor), a pull
duration predictor unit, a dose computation unit and a dose
delivery umt. For example, a method may include: a)
computing or estimating the puil duration of the given (e.g.,
the next or the mncoming) puil/trial, from the pull duration
and other puilling features related to some pulls/trials
occurred immediately before, wherein the pufl features (or
puiling features) are computed in the pull duration predictor
unit from the data received from the pull sensor; b) predict-
ing for a given pull or inhalation trial (e.g., the actual or the
next/incoming pull) the pufl duration, wherein the puil
duration 1s computed/predicted from the previous pull
topography features (e.g., from the puiling features at the
previous pull(s)/trial(s)) and the related dehvered doses;
wherein such prediction 1s performed 1n the puf duratlon
predictor unit; ¢) calculating a dose/amount of material/
vapor (e. 2., active 1ngredients or TPM) to be delivered in a
gwen pull/trial, wherein the doses to be delivered 1n suc-
cessive pulls/trials are computed on the basis of the previous
delivered dose(s), 1n the dose computation unit, and on the
basis of some constraints (which will be described 1n a
greater detail below); d) delivering a computed dose 1n a
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given pull/trial or time period, by the delivery of the
sequence ol the partial doses that form the dose to be
delivered 1n that pufl/trial or time period, during each time
interval of the puil/trial or time period; wherein the partial
dose 1s calculated in the dose delivery unit from the dose
value computed by the dose computation unit and from the
predicted pull duration transmitted from the pufl duration
predictor unit; wherein the partial dose 1s delivered by
applying the power computed 1n the dose delivery unit, to
the heater by the heater controller to vaporize the vaporiz-
able material during a partial dose time 1nterval; wherein the
power to be delivered by the heater controller to the heater
to vaporize the vaporizable material during a partial dose
time 1nterval 1s calculated 1n the dose delivery unit from a
temperature of the vaporizable material being vaporized
before the partial dose time 1nterval, a flow rate before the
partial dose time interval and the computed partial dose to be
delivered 1n the time interval; €) storing or computing, for
cach of the sequential time intervals, a partial dose, wherein
the partial dose 1s stored 1in the dose delivery unit; and
summing the stored (or estimated) partial doses 1n the dose
delivery unit to determine a total dose of vapor delivered
during the time period (e.g., the pufl) and transmitting such
a computed dose to the dose computation unit.

Any of the calculation, prediction, or summing steps may
be performed in the device (e.g., locally, e.g., within a
controller which may include or be part of: the puil duration
predictor unit, the dose computation unit, the dose delivery
umit that are within the same housing as other portions of the
device such as the heater control), and/or they may be
performed remotely, e.g., 1n a processor that receives, such
as wirelessly, the temperature(s), and/or partial dose infor-
mation, and/or the pull flow rate(s), and/or other puiling
teatures, and, optionally, other information (e.g., the power).
Each of the following units may be located remotely from
other portions of the device, including 1n a remote server
(e.g., cloud-based server, smartphone or wearable apparatus,
etc.) and may receive the information wirelessly: the puil
duration predictor umt (which may be referred to herein as
a pull duration predictor or puil duration predictor circuitry,
or pull duration predictor control logic); the dose computa-
tion unit (which may be referred to herein as a dose
computer or dose computer circuitry, or dose computer
control logic); the dose delivery unit (which may be referred
to herein as a vapor doser or vapor doser circuitry, or vapor
doser control logic).

In general, any of these methods may also include com-
puting and/or determining and delivering an amount of
active ingredient. This may be performed using the concen-
tration of active material within the source of vaporizable
material, for example (e.g., giving the amount of active
ingredient/unit mass or unit volume or the vaporizable
material 1n the source of vaporizable material).

Any of these methods may also include determining a
change in temperature (AT) of the vaporizable material
being vaporized for each of the sequential time intervals
relative the temperature of the vaporizable material being
vaporized.

Any appropriate time interval (dose time interval), which
may be sequential (e.g., sequential time intervals) may be
used, and may be based on or retlective of the sampling rate
of the apparatus for determining the dose. For example, the
time 1nterval may be between about 200 msec and about 5
msec.

In general, delivering and/or estimating a partial dose may
use the temperature of the vaporizable material being vapor-
1zed before the partial dose time interval comprises using an
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clectrical property of the heater that 1s proportional to the
temperature of the heater as the temperature of the vapor-
izable material being vaporized during a given partial dose
time 1nterval. Thus, the temperature referred to in any of the
calculation steps described herein (e.g., the temperature of
the vaporizable material being vaporized before the partial
dose time 1nterval) may refer to any value that 1s propor-
tional to the actual temperature (e.g., using a temperature
coellicient of resistance value to determine a value propor-
tionally related to temperature, without requiring the con-
version (using constants determined from the system to
convert to C. or ° F.).

In general, the methods and apparatuses described herein
may 1mplement the resulting dose information (or partial,
running or summed dose information), e.g., to report and/or
control operation of the apparatus or transmit to a secondary
(e.g., remote) apparatus. For example, any of these methods
may also mclude real-time re-computing or re-estimation of
the partial dose to be delivered by the (predicted) end of a
given pull/trial or time period. Any of these methods (or
devices configured to implement them) may further include
calculating a cumulative total dose of vapor delivered over
a session period that includes the time period. Thus, the total
running dose over multiple pulls (each pull may be consid-
ered a time period, or the time period may be an entire
session 1n which the apparatus i1s turned on for vaporizing
the material, or multiple on periods until reset by the user,
or a stage comprising a given number of puils/trials).

In some embodiments, the time period may correspond to
a duration of the user’s puil.

Any appropriate material to be vaporized (vaporizable
material) may be used. In general, the vaporizable material
may be a liqud, or may be a solid, or may be a powder, or
may be in the form of loose-leal material, or 1t may be a
combination of the abovementioned cases. The vaporizable
material may comprise any active ingredient(s). For
example, the vaporizable material may comprise a tobacco-
based material. The vaporizable material may comprise a
botanical. The vaporizable material may comprise a nicotine
compound. The vaporizable material may comprise a can-
nabinoid. The vaporizable material may comprise one or
more of cetirizine, ibuprofen, naproxen, omeprazole, dox-
ylamine, diphenhydramine, melatonin, or meclizine. The
vaporizable material may comprise one or more of albuterol,
levalbuterol, pirbuterol, salmeterol, formoterol, atropine sul-
tate, 1ipratropium bromide, fluticasone, budesonide, mome-
tasone, montelukast, zafirlukast, theophylline, fluticasone
and salmeterol, budesonide and for moterol, or mometasone
and formoterol. The vaporizable material may comprise one
or more of a polyphonel, a green tea catechin, cafleine, a
phenol, a glycoside, a labdane diterpenoid, yohimbine, a
proanthocyanidin, terpene glycoside, an omega fatty acid,
echinacoside, an alkaloid, 1sovaleric acid, a terpene, gamma-
aminobutyric acid, a senna glycoside, cinnamaldehyde, or
vitamin D. The vaporizable material may comprise a nico-
tine salt, glycerin, and propylene glycol. The vaporizable
material may comprise loose leal material, powders, solids.
The vaporizable material may comprise active drugs or
pharmacotherapeutics/pharmacological drugs (e.g., analge-
s1cs, immunosuppression drugs, cafleine, psychostimulants,
benzodiazepines, tranquillizer, alcohol, etc.).

As mentioned, each of the following units, whenever
present, may be part of a controller: the heater controller, the
pull duration predictor unit, the dose computation unit, the
dose delivery unit. In some variations, all or some of the
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abovementioned units are part of the same controller. In
some variations some of the abovementioned units or sys-
tems are separate.

In some variations, only the dose computation unit 1s
present. In some variations, only the heater controller and
the dose computation unit are present.

An example of the methods of computing a dose of a
vaporizable material to be delivered to a user of a vaporizing
device over a pull (or during a pull duration or a time period)
as described herein (e.g., wherein the time period or the puil
duration comprises a plurality of sequential time intervals,
and wherein the vaporizing device includes a heater con-
troller, a heater, a source of the vaporizable matenal, a dose
delivery unit, and a dose computation unit) may include:
transmitting the value(s) of the previous estimated delivered
dose(s) (e.g., the doses estimated (or measured) in the
previous pull(s)/trial(s) or time period(s)) from the dose
delivery unit to the dose computation unit; computing,
(erther 1n deterministic or 1n random or i pseudo-random
way) the actual dose and, some doses to be delivered
sequentially in the next pulls/trials, applying the following
constraints: 1) the delivered average dose (e.g., the sum of
the delivered or to be delivered doses 1n sequential puils/
trials divided by the number of the pufls/trials) has to be
equal to a predetermined value or 1t can vary as desired, as
will be described in greater detail herein; 2) each dose can
take only values within a given/settable or predetermined
range, and/or each dose difference can take only values
within predetermined ranges, as will be described 1n greater
detail herein.

An example of the methods of predicting the pull duration
of the next (or the actual/incoming) pull 1 a vaporizing
device, (e.g., wherein the vaporizing device includes a
heater controller, a heater, a source of the vaporizable
material, a pull sensor and a pull duration predictor unit)
may include: tramning and computing a machine learming
model (or reinforcement learning or artificial intelligence
model broadly defined or a statistical model), wherein: a) in
the traiming phase (which can be ran after each puil/trial
(c.g., online mode) to dynamically update the model and
improving its prediction performances after each pull, alter-
natively, the training phase can be computed periodically or
only when certain conditions occur, or pseudo-randomly or
randomly, for instance in a mini-batch mode, where the
training phase occurs only after some pulls/trials and such
trials are considered for the training), the model takes as
labeled output the pull duration of the given/target pull/trial,
and as the mput (or input features) the pufll durations and
some other pulling topography features (such as, the average
pressure drop within a pull, the average flow rate within a
pull, and so on) of the puils/trials immediately preceding the
considered/target puil/trial and the corresponding delivered
doses, and optionally, the actual computed dose to be deliver
in the target puil/trial; b) 1 the prediction phase, the model
predicts (as output) the pull duration of the next puil, and the
model takes as input the pulhing topography features (e.g.,
the pufl duration, and, optionally, other features) of the
pull(s)/trial(s) preceding the considered pull and the related
delivered doses (and optionally, the computed dose to be
deliver in the given pull/trial). It 1s worth mentioning that a
broad spectrum of computational, statistical, autoregressive
and/or machine learming algorithms can be adopted, such as,
but not limited to: online learning algorithms (e.g., Stochas-
tic Gradient Descent, Passive-Aggressive algorithms, recur-
s1ve least squares, support vector machines, neural networks
etc.), batch and mini-batch learning algorithms (support
vector machines, kernel methods, gradient descent, any kind
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ol regression, neural networks, etc.), incremental learning,
progressive learning, Bayesian methods, pattern recogni-
tion, ARMA, statistical parametric and non-parametric mod-
els.

An example of the methods of computing and delivering
a dose of a vaporizable material to a user of a vaporizing
device over a time period (or pull/trial) as described herein
(e.g., wherein the time period or pull duration comprises a
plurality of sequential time intervals, and wherein the vapor-
izing device includes a heater controller, a pull sensor, a
source of the vaporizable material, a pull duration predictor
unit, a dose computation unit and a dose delivery unit) may
include: transmitting from the pull duration predictor unit to
the dose delivery umit the predicted pull duration for the
grven/target pull/trial during which a computed dose has to
be delivered, computing the partial doses which have to be
delivered 1n each sequential partial dose time intervals
which form the total predicted pull duration (or time period),
determining for each of the sequential time intervals the
power that the heater controller has to deliver to the heater,
wherein the power to be delivered and controlled to the
heater for each of the sequential time intervals 1s calculated
in the dose delivery unmit from a temperature of the vapor-
izable material being vaporized immediately before the
partial dose time interval, a flow rate measured by the pull
sensor 1in the time interval immediately before the consid-
ered time interval and transmitted to the dose delivery unit,
and the computed partial dose to be delivered during the
partial dose time interval.

In certain embodiments, delivering a given (computed)
amount of vapor/dose to the user during a given period of
time (wherein the period of time may be the pufl duration,
and wherein such a period of time 1s determined by a
sequential of successive time intervals) comprises calculat-
ing and delivering a power to the heater (controlled by the
heater controller), based upon the following formula:

P=AT;, .F; &mi =00 Ty +0s T  +0 &miz‘

where P, 1s the power which has to be applied/delivered to
the heater (by the heater controller) 1n the i1-th time nterval

(e.g., in the actual time interval), Am; . is the partial dose of
vapor or material or active ingredients to be delivered 1n the
1-th partial dose time interval (e.g., in the actual time
interval), a,, a,, o5 are a constants which have to be
determined empirically as will be described 1n great detail
herein, F, ; 1s the measured tflow rate in the (1-1)-th time
interval (1.e., 1n the immediately preceding time interval),
and 1s a measured temperature from an 1mmediately pre-
ceding time 1nterval.

In certain embodiments, the P, may be computed numerti-
cally, more specifically iteratively, as will be described 1n
great details herein.

Any of these methods may also include detecting a user’s
puil on the vaporizer device, wherein the delivering steps are
performed only during the detected putl.

In a certain embodiment, one of the methods to measure
or estimate the amount of vapor generated from a vaporiz-
able material within a vaporizing device, wherein the vapor-
1zing device includes a heater controller, a pufl sensor, a
source of the vaporizable material, a pufl duration predictor
unit, a dose computation unit and a dose delivery unit, may
consist in summing all the delivered partial doses, as com-
puted by the dose delivery unit. More specifically, starting,
from the computed dose to be delivered during a given puil
duration and from the predicted pull duration (wherein the
predicted pull duration may be computed 1n the pull duration
predictor unit and transmitted to the dose delivery unit), the
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dose delivery unit may compute the partial doses dividing
the computed dose by the predicted pufl duration, wherein
the pull duration 1s expressed 1n units of partial dose time
intervals, wherein each partial time intervals may be
between 10 ms and 200 ms, such as 20 ms, or 25 ms, or 30
ms, etc., obtaiming the partial dose to be delivered at each
time 1ntervals (1.e., Am,); after, the dose delivery unit may
compute the power P, which has to be delivered to the heater
for vaporizing the partial dose Am, at each time interval (as
described 1n a great detail herein) and, storing the partial
sum of the partial doses delivered until the 1-th time interval.
Hence, 11 the actual pull duration involve a greater (smaller)
number of partial time intervals than that computed 1n the
predicted pull duration (predicted by the pull duration
predictor unit), then the actual vaporized (or delivered) dose
may be computed summing the actual delivered partial
doses, so that the effectively (actual) delivered dose can be
obtained, regardless the value of the predicted dose to be
delivered and regardless the predicted pufl duration. Only 1n
case that the actual pufl duration coincides with the pre-
dicted pull duration, the computed dose (obtained by the
sum of the partial doses delivered at each sequential time
interval) will be equal to the computed dose to be delivered
during the pufl (wherein the computed dose 1s computed 1n
dose computation unit).

Another example of the methods of determining a dose of
a vaporizable material delivered to a user of a vaporizing
device over a time period as described herein (e.g., wherein
the time period comprises a plurality of sequential time
intervals, and wherein the vaporizing device includes a
heater controller, a heater, a source of the vaporizable
material including an active mgredient, a pull sensor, a dose
computation unit and a dose delivery unit) may include:
calculating, for each of the sequential time intervals, a
partial dose, wherein the partial dose 1s calculated from a
power delivered by the heater controller to the heater to
vaporize the vaporizable material during a partial dose time
interval, a temperature of the vaporizable material being
vaporized immediately before the partial dose time interval
and the flow rate measured from the pull sensor immediately
before the partial dose time 1nterval; summing the calculated
partial doses 1n the dose delivery unit to determine a total
dose of vapor delivered during the time period; and deter-
mining an amount of active ingredient delivered to the user
based on the total dose of vapor delivered.

Any of these methods may also include transmitting the
temperature ol the vaporizable materials being vaporized
during each of the plurality of sequential time intervals from
the power controller to the dose delivery unait.

Any of these methods may also include transmitting the
flow rate occurring during each of the plurality of sequential
time ntervals from the pull sensor to the dose delivery unat,

or from the pull duration predictor unit to the dose delivery
unit.

Any of these methods may also include detecting an
amount of active ingredient delivered to the user based upon
the determined amount of vapor. The measuring step may be
performed at any appropriate frequency, such as a frequency
of between 3 Hz and 60 Hz within the first period of time.
The measuring steps may be performed at a frequency of
between 10 Hz and 30 Hz within the first period of time.

Some of the methods for determining the amount of vapor
delivered to the user during a given period of time (deter-
mined by a sequential of successive time intervals) may
comprise calculating based upon the following formula:
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... 1s the total amount of vapor/material (or
active ingredient) delivered to the user, Am, 1s the partial
dose delivered 1n the 1-th partial dose time interval, 0,, 9,,
0, are constants, P, 1s the power supplied during interval 1,
T., 1s a measured temperature for mterval immediately
before the current interval (1—1 immediately prior to interval
1) and 1s flow rate reading for interval immediately before the
current 1nterval (1—1 immediately prior to interval 1).

Also described herein are vaporization apparatuses, such
as devices and systems, configured to compute and deliver
sequences of successive doses of the vapor being delivered
during sequences of puffs. For example, a vaporizer device
may 1nclude: a heater controller; a heater coupled to the
heater controller so that the heater controller applies power
to the heater; a source of vaporizable material; a dose
computation unit receiving mput from a dose delivery unit,
wherein the dose computation unit 1s configured to deter-
mine sequences of doses to be delivered in the next puifs
subject to specific constraints (as 1t will be described 1n
detail herein); a puff sensor; a puff duration predictor unit
receiving nput from the puff sensor, wherein the puff
duration predictor unit 1s configured to estimate the puifing
topography features (e 8- the average flow rate, the average
pressure drop, the puff volume, the puff duration, etc.) and
to predict the puil duration of the next puif; a dose delivery
unit receiving mput from the heater controller, from the dose
computation unit, from the puff duration predictor unit, and
from the puff sensor, wherein the dose delivery unit 1s
configured to determine: 1) the power to apply to the heater
for the delivery of a computed dose during a time puif
duration (which comprises a sequence of partial dose time
intervals); 2) the dose of vapor actually delivered to a user
during a time period.

As mentioned, each or all or some of the following units
may 1nclude a controller: the puff duration predictor unit, the
dose computation unit, the dose delivery unit, the heater
controller. For example, the puff duration predictor unit may
be integral with the heater controller and/or with the dose
delivery unit and/or with the dose computation unit. For
example, the dose delivery unit may be integral with the
heater controller and/or with and/or with the dose compu-
tation unit. The dose delivery unit may be configured to
determine and to transmit the values of power at each of the
sequential time intervals which form a puif duration (or a
time period) to the heater (by communicating with the heater
controller) for delivering to the user a given dose of vapor
or material or active ingredients, computed or determined by
the dose computation unit; moreover, the dose delivery unit
may be configured to determine the actual amount of vapor
or dose delivered.

In any of the apparatuses described herein, the partial dose
time 1ntervals or time 1ntervals may each be between about
250 msec and about 10 msec.

As described herein, the dose delivery unit 1s configured
to use an electrical property of the heater that 1s proportional
to the temperature of the heater as the temperature of the
vaporizable material being vaporized before the partial dose
fime 1nterval.

Any of these apparatuses may mclude dose control logic
configured to disable or to control the device (e.g., the
heater) when the total dose of vapor delivered during a given
time period meets or exceeds a preset or a dynamically
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computed threshold or value. The dose control logic may be
part of the dose delivery unit.

Any of these apparatuses may also include a puff detector
configured to detect a user puffing on the device. In some
variations, the dose delivery unit may be configured to set
the time period as a duration of a detected user’s puif (e.g.,
between 0.5-15 sec, between 0.5-20 sec, between 0.5 to 5
seconds, etc.).

The source of vaporizable material may be a liquid or a
solid or a gel or a loose-leaf material or a powder form or a
combination of the abovementioned possibilities.

Other methods and apparatus variations are also
described. For example, described herein are methods for
computing, delivering and quanfifying/estimating amounts
of a vapor and/or one or more material(s) within the vapor
that 1s delivered to a user from a reservoir of vaporizable
material 1n an electronic vaporizer device. The electronic
vaporizer device may include a puff sensor, a power source
(e.g., battery, capacitor, etc.), a heating element controller, a
heating element. A separate temperature sensor may also be
included, or 1t may be part of the heating element controller,
which may estimate temperature of the heating element
(e.g., resistive coil, etc.) based on a change 1n resistance due
to temperature (e.g., TCR), and may therefore include a
reference resistor. One or more additional temperature sen-
sors may also be included.

These apparatuses may also include a dose computation
unit, a puff duration predictor unit and a dose delivery unit
and/or controlling logic for controlling operation of the
apparatus based on the determined/estimated dosage(s) (e.g.,
determining and delivering the successive dose of vapor or
of active ingredients during the next puff(s)/trial(s), etc.).

For example, a method of operating the device may
include: a puif sensor detecting a user’s puif and measuring
the puff flow rate (and optionally other quantities related to
a pufl, such as a pressure drop), the heating element con-
troller delivering a power from the power source during the
user’s puff (e.g., at multiple discrete time intervals during
the puil); the temperature sensor measuring a temperature or
a temperature profile of the material being vaporlzed (e.g.,
at or near the heating element) during the user’s puif; a puff
duration predictor unit estimating/predicting the next user
puff duration; a dose computation unit: a) computing the
dose(s) to be delivered on the basis of the previous delivered
doses or on the basis of quantities/values related to the
previous delivered doses and some constraints (as described
in detail herein); b) computing and delivering the partial
doses over the sequentially successive time intervals form-
ing the predicted pufl duration, by delivering a computed
power to the heater (by the heating controller) at each of the
sequential time ntervals of the puif duration; moreover, the
dose delivery unit may calculate the amount of the vapor
delivered to the user from the vaporizable material based
upon the amount of the power, the flow rate and the
temperature profile during the user’s puff. In certain embodi-
ments, the method comprises storing a plurality of measure-
ments of temperature, temperature profiles, amount of power
delivered, flow rate profiles, or a combination thereof, 1n a
memory unit.

In certain embodiments, the electronic vaporizer device
comprises a timer, and the method may comprise engaging
the timer to measure a puff duration. In certain embodi-
ments, the method comprises storing a plurality of measure-
ments of temperature, temperature profiles, amount of power
delivered, puif duration and (optionally) other puffing topog-
raphy features or a combination thereof 1n a memory unit. In
certain embodiments, the method comprises normalizing the




US 11,633,554 Bl

15

amount of the vapor delivered to the user to the puil
duration. In certain embodiments, the method comprises
attaching a separate pod to the device, the separate pod
configured to hold a vaporizable material. In certain embodi-
ments, the method comprises calculating the amount of the
vapor delivered (or to be deliver) to a user from the
vaporizable material 1n milligrams of total particulate mat-
ter. In certain embodiments, the method comprises calculat-
ing the amount of the vapor delivered (or to be delivered) to
a user from the vaporizable material 1n milligrams of an
active mgredient. In certain embodiments, the electronic
vaporizer device comprises a heating reservoir distinct from
the heating element, and the method comprises preheating a
vaporizable material to a preset temperature. In certain
embodiments, the vaporizable material 1s a liquid, viscous
liguid, wax or solid, or powder, or a pod, or loose-leal
material. In certain embodiments, the vaporizable material 1s
a tobacco-based material. In certain embodiments, the
vaporizable material 1s a botanical. In certain embodiments,
the vaporizable maternial 1s a medicinal compound. In certain
embodiments, the vaporizable material 1s nicotine. In certain
embodiments, the vaporizable material 1s a cannabinoid. In
certain embodiments, the vaporizable material 1s Cannabis.
In certain embodiments, the method comprises adjusting a
type of the vaporizable material. In certain embodiments, the
method comprises adjusting the type of the vaporizable
material to a liqud, viscous liquid, powder, wax or loose-
leat matenial. In certain embodiments, the method comprises
adjusting the type of the vaporizable matenal to a tobacco-
based material.

In certain embodiments, the method comprises adjusting
the type of the vaporizable material to a botanical. In certain
embodiments, the method comprises adjusting the type of
the vaporizable material to a medicinal compound. In certain
embodiments, the method comprises adjusting the type of
the vaporizable material to nicotine. In certain embodiments,
the method comprises adjusting the type of the vaporizable
material to a cannabinoid. In certain embodiments, the
method comprises adjusting the type of the vaporizable
matenal to Carnnabis. Adjusting the vaporizable material
may include adjusting the apparatus or method to account
for the change 1n constants and/or calibrating the apparatus
to account for changes in the constants that may be used to
give a calibrated (e.g., mass or mass/time) output, as
described 1n greater detail herein.

In a certain embodiment provided herein, 1s an electronic
vaporizer device configured to deliver varying doses of

vapor/material (including drugs or active substances or
ingredients) 1n sequentially and in deterministic or random
or 1n pseudo-random order, wherein the doses of a vapor are
delivered to a user from a vaporizable material 1n the
clectronic vaporizer device, wherein the electronic vaporizer
device comprises: a pull sensor configured to detect a user’s
pull and to measure the flow rate and, optionally, some
puiling features (e.g., the pressure drop), an heating element
controller configured to measure and control an amount of
power delivered from a power source during the user’s pull,
a temperature sensor configured to measure a temperature or
a temperature profile generated by a heating element during
the user’s pull, a dose delivery unit configured to compute
and deliver to the heater (through the heater controller) a
power proflle or an energy profile 1 order to vaporize a
computed dose on a given pull/trial. The doses are sequen-
tially delivered in each of the sequential puils/trials such
that, starting from a given or predetermined (even randomly)
trial, the average positive dose difference 1s greater in
magnitude than the average negative dose difference, subject
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to the constraint that the average cumulative administered or
inhaled dose (1.e., the sum of the doses delivered over
successive pulls/trials divided by the number of trials) 1s
kept constant or equal to a predetermined value over time (or
over successive pulls/trials) or it 1s reduced (or 1t 1s varied
and set as desired), and subject to the constraint that each
dose can take only values within a given/settable (or pre-
determined) range, and/or subject to the constraint that a
dose difference can assume values within predetermined
ranges, wherein a dose diflerence 1s defined as the difference
between the dose of vapor or material (including active
ingredients) delivered or inhaled 1n a given trial and the dose
delivered or inhaled 1n the trial immediately before, or as the
difference between the dose delivered or inhaled 1n a given
trial and a liner combination of the doses delivered or
inhaled sequentially in some of the trials immediately
betfore, and wherein a positive (negative) dose difference 1s
defined as a dose diflerence whose value 1s greater (smaller)
than zero, and wherein the average positive (negative) dose
difference 1s defined as the sum of the values of the positive
(negative) doses differences divided by the number of such
positive (negative) doses diflerences.

In a certain embodiment provided herein, 1s an electronic
vaporizer device configured to compute, deliver, control and
quantify a succession of varying doses of a vapor for a
plurality of sequential puils/trials, wherein the vapor doses
are delivered to a user from a vaporizable material 1n the
clectronic vaporizer device, wherein the electronic vaporizer
device comprises: a pull sensor configured to detect a user’s
pull and to measure the pull flow rate; an heating element
controller configured to control an amount of power deliv-
ered from a power source during the user’s pull; a tempera-
ture sensor configured to measure a temperature or a tem-
perature profile generated by an heating element during the
user’s pull; a dose delivery unit configured to: 1) compute
and transmit power values to the heater controller which has
to be applied said power values to the heater element in
order to vaporize a computed dose during the pufl duration,
2) calculate/estimate the amount of the vapor delivered to
the user from the vaporizable material based upon the partial
doses delivered during the pull, or based upon the amount of
the power, the temperature and the pull flow rate during the
user’s pull; and one or more of a) a pull duration predictor
umt configured to compute/extract the puiling topography
features (e.g., the pull duration) and to predict the next or the
actual pufl duration (i.e., to predict the pull duration of the
next/incoming pulil); b) a dose computation unit configured
to compute the actual or the next vapor (or material or TPM,
or active ingredients) dose(s), in relation to the previous
delivered dose(s), satisiying the following conditions: 1)
starting from a given (or predetermined) trial, the average
positive dose difference 1s greater in magmtude than the
average negative dose diflerence, 2) the average cumulative
administered dose (i.e., the sum of the doses delivered over
successive pulls/trials divided by the number of trials) 1s
kept constant over successive trials, or 1t 1s reduced or 1t 1s
varied as desired, 3) each dose can take only values within
a given/settable or predetermined range, and/or each dose
difference can take only values within predetermined ranges,
wherein a dose difference i1s defined as the difference
between the dose of vapor or material delivered (or to be
delivered) in a given puil/trial and the dose delivered in the
trial immediately before, or as the difference between the
dose delivered 1n a given trial and a linear combination of
some of the sequentially delivered or inhaled doses 1n the
trials immediately before, and wherein a positive (negative)
dose difference 1s defined as a dose difference whose value
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1s greater (smaller) than zero, and wherein the average
positive (negative) dose difference 1s defined as the sum of
the values of the positive (negative) doses differences
divided by the number of such positive (negative) doses
differences; wherein the number of puils/trials for the evalu-
ation/estimation of the average cumulative dose and for the
average positive and negative dose diflerence can be con-
sidered, for example, to within about 12, or to within about
10, or to within about 6, or to within about 20, or to within
about 100, or to within about 50, or to within about 1000, or
as an incremental number of trials as the number of puils
advances etc.; ¢) a dose delivery unit configured to compute
the partial doses which have to be delivered sequentially for
cach of the plurality of sequential time intervals within the
(predicted) puil duration, on the basis of the dose computed
by the dose computation unit and on the basis of the pull
duration predicted by the pull topography predictor unit;
moreover, the dose delivery umt 1s also configured to
compute the power profile 1.e., the power values for each of
the sequential time intervals forming the pull duration, to
deliver to the heater (by means the heater controller) 1n order
to deliver the computed dose of vapor (or material or active
ingredients). In certain embodiments, the electronic vapor-
izer device comprises a memory unit, configured to store a
plurality of measurements of temperature, temperature pro-
file, power delivered, or a combination thereof, pufling
topography features (e.g., pull duration, average pressure
drop, tlow rates, pull volume, etc.), and the delivered dose,
or a combination thereof. In certain embodiments, the elec-
tronic vaporizer device comprises a timer configured to
determine a pull duration. In certain embodiments, the
clectronic vaporizer device comprises a memory unit, con-
figured to store a plurality of measurements of temperature,
temperature profile, power delivered, pull duration or a
combination thereof. In certain embodiments, the electronic
vaporizer device comprises a memory unit, configured to
store a plurality of measurements of temperature, tempera-
ture profile, power delivered, pufl duration, delivered doses,
and optionally some mathematical quantities derived from
them, and optionally puiling topography {features, or a
combination thereof.

In certain embodiments, the electronic vaporizer device 1s
configured to normalize the amount of the vapor delivered to
the user to the pufl duration.

In certain embodiments, the electronic vaporizer device
comprises a separate pod attached to the device, the separate
pod configured to hold a vaporizable material.

In certain embodiments, the electronic vaporizer device 1s
configured to calculate and/or deliver the amount of the
vapor delivered to the user from a vaporizable material in
milligrams of total particulate matter. In certain embodi-
ments, the electronic vaporizer device 1s configured to
calculate and/or deliver the amount of the vapor delivered to
the user from a vaporizable material 1n milligrams of total
particulate matter.

In certain embodiments, the electronic vaporizer device
comprises an heating reservoir distinct from the heating
clement. In certain embodiments, the electronic vaporizer
device comprises a vaporizable material that 1s a liquid,
viscous liqud, powder, pod, solid, wax, or loose-leal mate-
rial or a combination thereof. In certain embodiments, the
clectronic vaporizer device comprises a vaporizable material
that 1s a tobacco-based material. In certain embodiments, the
clectronic vaporizer device comprises more than one mate-
rial reservoirs. In certain embodiments, the electronic vapor-
1zer device comprises a vaporizable material that 1s a botani-
cal. In certain embodiments, the electronic vaporizer device
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comprises a vaporizable material that 1s a medicinal com-
pound. In certain embodiments, the electronic vaporizer
device comprises a vaporizable maternal that 1s nicotine. In
certain embodiments, the electronic vaporizer device com-
prises a vaporizable material that 1s a cannabinoid. In certain
embodiments, the electronic vaporizer device comprises a
vaporizable material that 1s Cannabis. In certain embodi-
ments, the electronic vaporizer device 1s configured to allow
adjustment of a type of the vaporizable matenial. In certain
embodiments, the type of the vaporizable material 1s adjust-
able to a liquid, viscous liquid, solid, powder, wax or
loose-leat material. In certain embodiments, the type of the
vaporizable material 1s adjustable to a tobacco-based mate-
rial. In certain embodiments, the type of the vaporizable
maternal 1s adjustable to a botanical. In certain embodiments,
the type of the vaporizable matenal 1s adjustable to a
medicinal compound. In certain embodiments, the type of
the vaporizable material 1s adjustable to nicotine. In certain
embodiments, the type of the vaporizable material 1s adjust-
able to a cannabinoid. In certain embodiments, the type of
the vaporizable material 1s adjustable to Cannabis. In certain
embodiments, the controlling logic comprises a Software
module. In certain embodiments, the controlling logic com-
prises a hardware element. In certain embodiments, the
clectronic vaporizer device comprises a display unit, con-
figured to provide feedback to the user. In certain embodi-
ments, the electronic vaporizer device 1s a single-use elec-
tronic vaporizer device. In certain embodiments, the
clectronic vaporizer device 1s a vaporizing device. In certain
embodiments, the electronic vaporizer device 1s a THS
device. In certain embodiments, the electronic vaporizer
device 1s an e-cigarette.

In a certain embodiment provided herein, 1s a method, the
method comprising an electronic vaporizer device config-
ured to compute, deliver, and quantify an amount of a vapor
delivered (and/or to be delivered) to a user from a vaporiz-
able material in the electronic vaporizer device, wherein the
clectronic vaporizer device comprises: a pull sensor config-
ured to detect a user’s pull and to measure the pufl flow rate
and, eventually, some pufl characteristics (e.g., the pull
volume, the pressure drop, etc.); an heating element con-
troller configured to control an amount of power delivered
from a power source during the user’s puil; a temperature
sensor configured to measure a temperature or a temperature
profile generated by a heating element during the user’s pudl;
a dose computation unit configured to compute the actual or
the next vapor (or material or TPM, or active ingredients)
dose(s), 1n relation to the previous delivered doses, satisiy-
ing the following conditions: 1) the average positive dose
difference 1s greater in magnitude than the average negative
dose difference, 2) the average cumulative administered
dose (1.e., the sum of the doses delivered over successive
pulls/trials divided by the number of trials) 1s kept constant
over time or 1t 1s reduced or 1t 1s imposed to vary as desired,
3) the doses are constrained to assume values within a range
determined by a settable or predetermined mimmum value
and a settable or predetermined maximum value, and/or each
dose difference can only take values within settable or
predetermined ranges; a dose delivery unit configured to
compute the partial doses which have to be delivered
sequentially for each of the plurality of sequential time
intervals which form the (predicted) pull duration, on the
basis of the dose computed by the dose computation unit and
based on the pull duration predicted by the pufl duration
predictor unit, moreover, the dose delivery unit 1s also
configured to compute the power profile 1.e., the power
values for each of the sequential time intervals forming the
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pull duration, to apply/deliver to the heater (by means the
heater controller) 1n order to deliver the computed dose of
vapor (or material or active ingredients).

In certain embodiments, the electronic vaporizer device
comprises a memory unit, configured to store a plurality of
measurements ol temperature, temperature profile, power
delivered, or a combination thereof, puiling topography
features (e.g., pull duration, average pressure drop, flow
rates, pull volume, etc.), and the delivered dose, or a
combination thereof. In certain embodiments, the electronic
vaporizer device comprises a timer configured to determine
a pull duration. In certain embodiments, the electronic
vaporizer device comprises a memory unit, configured to
store a plurality of measurements of temperature, tempera-
ture profile, power delivered, pufl duration or a combination
thereof. In certain embodiments, the electronic vaporizer
device comprises a memory unit, configured to store a
plurality of measurements of temperature, temperature pro-
file, power delivered, pull duration, delivered doses, and
optionally some mathematical quantities derived from them,
and optionally pulling topography features, or a combination
thereof.

In certain embodiments, the electronic vaporizer device 1s
configured to normalize the amount of the vapor delivered to
the user to the pull duration. In certain embodiments, the
clectronic vaporizer device comprises a separate pod
attached to the device, the separate pod configured to hold
a vaporizable material. In certain embodiments, the elec-
tronic vaporizer device 1s configured to calculate and deliver
sequentially, to the user, varying amounts of vapor from a
vaporizable material 1n milligrams of total particulate mat-
ter. In certain embodiments, the electronic vaporizer device
1s configured to deliver and to calculate the amount of the
vapor to be delivered to the user from a vaporizable material
in milligrams of total particulate matter. In certain embodi-
ments, the electronic vaporizer device comprises an heating,
reservoilr distinct from the heating element. In certain
embodiments, the electronic vaporizer device comprises a
vaporizable material that 1s a liquid, viscous liquid, powder,
pod, solid, wax, or loose-leal material or a combination
thereof. In certain embodiments, the electronic vaporizer
device comprises a vaporizable material that 1s a tobacco-
based material. In certain embodiments, the electronic
vaporizer device comprises more than one reservoir for the
material to be vaporized and more than one drugs or
substances. In certain embodiments, the electronic vaporizer
device comprises a vaporizable material that 1s a botanical.
In certain embodiments, the electronic vaporizer device
comprises a vaporizable material that 1s a medicinal com-
pound. In certain embodiments, the electronic vaporizer
device comprises a vaporizable material that 1s nicotine. In
certain embodiments, the electronic vaporizer device com-
prises a vaporizable material that 1s a cannabinoid. In certain
embodiments, the electronic vaporizer device comprises a
vaporizable material that 1s Canrabis. In certain embodi-
ments, the electronic vaporizer device 1s configured to allow
adjustment of a type of the vaporizable matenial. In certain
embodiments, the type of the vaporizable matenal 1s adjust-
able to a liquid, viscous liquid, solid, powder, wax or
loose-leat material. In certain embodiments, the type of the
vaporizable matenal 1s adjustable to a tobacco-based mate-
rial. In certain embodiments, the type of the vaporizable
material 1s adjustable to a botanical. In certain embodiments,
the type of the vaporizable maternial 1s adjustable to a
medicinal compound. In certain embodiments, the type of
the vaporizable material 1s adjustable to nicotine. In certain
embodiments, the type of the vaporizable material 1s adjust-
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able to a cannabinoid. In certain embodiments, the type of
the vaporizable material 1s adjustable to Carrabis. In certain
embodiments, the electronic vaporizer device comprises a
display umit, configured to provide feedback to the user. In
certain embodiments, the electronic vaporizer device 1s a
single-use electronic vaporizer device. In certain embodi-
ments, the electronic vaporizer device 1s a vaporizing
device.

Without desired to be bound by the theory, 1t 1s known that
the user’s experience (including satisfaction, product or
treatment acceptance, rewarding ellects, psychological
rewarding, neurophysiological eflects at the level of the
central nervous system) 1s aflected by the perceived (even
implicitly and 1n part unconsciously) eflects of the inhaled
active substance (or drug or material or ingredients). In fact,
the inventors have unexpectedly identified methods for
modulating (e.g., increasing) such perception by means the
delivery of sequential varying doses of drug or vapor for
cach of the sequential pulls/trials. In particular, each puil
determines a compounds of psychological and physiological
cllects, and the overall eflect determined by a given pull 1s
determined by both active and reactive contributions. Active
contributions are represented by the effects determined by
the neurophysiological active ingredients (e.g., nicotine
cllects at the central nervous system), while reactive con-
tributions are represented by conditioned responses and
reinforced cues (e.g., chemosensory features, flavors, con-
ditioned reward eflects, etc.) and some of the same active
cllects which have been conditioned (this phenomenon 1is
termed mimicking or pharmacological mimicking). The
methods and apparatuses disclosed herein may be able to
enhance the reactive contributions. Without desiring to be
bound by any theory, it 1s believed that such an enhancement
1s due to a process of unconditioned stimulus (UCS) infla-
tion (1.e., enhancement, or increase), determined by a con-
tinuous and dynamical stimulus revaluation driven by
weilghted prediction errors within the central nervous system
(the computation of a prediction error may occur uncon-
sciously and implicitly within the central nervous system,
and 1t 1s based on the difference of the effects expected by
a given stimulus (or previously experienced) and the effects
actually perceived or experienced or determined). It 1s
expected that the weight of a prediction error within the
central nervous system, represents the neural gain which 1s
assigned to the prediction error before 1t can update the
reactive response associated to the neural representation of
a given stimulus. Such a weight depends on different fea-
tures, such as the environment uncertainty, the uncertainty of
the expected eflects, the uncertaimnty of the experienced
cllects, the magnitude of the stimulus, the magnitude of the
cllects determined by a given stimulus, the contrast effects,
the magnitude of the prediction error itself, and others. It all
the variables outside the magnitude (or the intensity) of the
stimulation are deemed constant, then the modulation of the
magnitude of the stimulation (or 1its eflects) does permit to
modulate the weights of the prediction errors, for 1nstance,
enhancing the positive weighted prediction errors while
reducing the negative weighted prediction errors, over suc-
cessive sequential trials, so that, the reactive contributions of
the effects produced by the given stimulus can be enhanced
cumulatively. The methods and apparatuses disclosed
herein, 1n some embodiments, may compute the sequential
partial doses to be delivered on each of the sequential
pull/trial 1n a random or 1n a pseudo-random way, so that the
environment uncertainty can be considered constant over
time. Moreover, the methods and apparatuses disclosed
herein, in some embodiments, may predict the putling
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teatures (e.g., the puil duration) of the next or incoming pudl,
in which the computed dose has to be delivered; one of the
benefit of such a feature 1s that 1t 1s possible to deliver a
predetermined or a pre-computed dose of vapor, another
benefit of such a feature is that the user experiences an
improved consistency of vapor delivery over the entire pull
duration, even if the dose to be delivered has previously
been computed and defined.

Hence, one of the features of the vapor inhalation devices
and other apparatuses and methods described 1n this disclo-
sure 15 to deliver successive and sequential doses of vapor/
material (including active ingredients, drugs, and sub-
stances) such that the average positive dose difference 1s
greater 1n magnitude than the average negative dose difler-
ence, subject to the constraint that the average cumulative
administered dose (1.e., the sum of the doses delivered over
successive pulls/trials divided by the number of trials) 1s
kept constant over time or 1t 1s reduced (or 1t 1s imposed/set
as desired), and subject to the constraint that each dose can
take only values within a given/settable (or predetermmed)
range, and/or subject to the constraint that a dose difference
can assume values within predetermined ranges, wherein a
dose difference 1s defined as the difference between the dose
of vapor or material (including active ingredients) delivered
or inhaled 1 a given trial and the dose delivered or inhaled
in the trial immediately before, or as the difference between
the dose delivered or inhaled 1n a given trial and a liner
combination of the doses delivered or inhaled sequentially 1n
some of the tnals immediately before, and wherein a posi-
tive (negative) dose diflerence 1s defined as a dose difference
whose value 1s greater (smaller) than zero, and wherein the
average positive (negative) dose difference 1s defined as the
sum of the values of the positive (negative) doses diflerences
divided by the number of such positive (negative) doses
differences.

It 1s worth noting that the methods and apparatuses
disclosed herein can be applied to every kind of electronic
vaporizers, electronic inhalers, or electronic devices able to
deliver a dose of material to be inhaled (even 11 the consid-
ered device does not include an heater and the vaporization
of matenial 1s produced i1n different ways, such as, for
instance, by (micro)droplet ejection). Whenever the methods
and apparatuses disclosed herein are applied to an electronic
device which does not include an heater (e.g., droplet
ejection device, for example a bubble jet or piezoelectric
device, for example see U.S. Pat. No. 35,894,841), the
clectrical quantities to be controlled for measuring or esti-
mating or predicting a delivered/inhaled (or to be delivered)
dose may be diflerent, nevertheless, the methods disclosed
herein for delivering varying doses over sequential puils/
trials remain applicable whatever be the implemented vapor-
ization technique or technology, wherein the delivery of

varying doses 1n sequential puil:

s/trials 1s computed such that
starting from a given or predetermined (even randomly)
trial, the average positive dose diflerence 1s greater in
magnitude than the average negative dose diflerence, subject
to the constraint that the average cumulative administered or
inhaled dose (1.e., the sum of the doses delivered over
successive pulls/trials divided by the number of trials) 1s
kept constant or equal to a predetermined value over time (or
over successive pulls/trials) or it 1s reduced (or 1t 1s varied
and set as desired), and subject to the constraint that each
dose can take only values within a given/settable (or pre-
determined) range, and/or subject to the constraint that a
dose difference can assume values within predetermined

ranges, wherein a dose diflerence 1s defined as the difference
between the dose of vapor or material (including active
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ingredients) delivered or inhaled 1 a given trial and the dose
delivered or inhaled 1n the trial immediately before, or as the
difference between the dose delivered or inhaled 1n a given
trial and a liner combination of the doses delivered or
inhaled sequentially i some of the trials immediately
betfore, and wherein a positive (negative) dose diflerence 1s
defined as a dose diflerence whose value 1s greater (smaller)
than zero, and wherein the average positive (negative) dose
difference 1s defined as the sum of the values of the positive
(negative) doses differences divided by the number of such
positive (negative) doses diflerences.

In some embodiments, disclosed herein are methods and
apparatuses that allow or facilitate a user in smoke cessation
or 1n reducing a given substance addiction (e.g., nicotine
addiction) or in smoke reduction. In particular, in some
embodiments, a method for smoke cessation or smoke
reduction or nicotine addiction reduction may include: cal-
culating and delivering varying doses of vapor (or material
or active mgredients) to a user over sequential pulls/trials,
such that, starting from a given trial, the average positive
dose diflerence 1s greater in magnitude than the average
negative dose diflerence, subject to the constraint that the
average cumulative admimistered dose (1.e., the sum of the
doses delivered over successive pulls/trials divided by the
number of trials) of active drug or of active physiological
principle or of active ingredients 1s gradually reduced (e.g.,
by reducing the vapor, or the TPM, or the concentration of
the active substance in the liquid compound of vaporizable
material), and subject to the constraint that a dose can only
assume values within a given range delimited by a settable
or predetermined maximum value and a settable or prede-
termined minmimum value, and/or subject to the constraint
that a dose difference can assume values within predeter-
mined or settable ranges; wherein a dose difference 1s
defined as the difference between the dose of vapor or
material (including active ingredients) delivered or inhaled
in a given trial and the dose delivered or imnhaled 1n the trial
immediately before, or as the difference between the dose
delivered or inhaled 1n a given trial and a liner combination
of the doses delivered or inhaled sequentially 1n some of the
trials immediately before, and wherein a positive (negative)
dose diflerence 1s defined as a dose difference whose value
1s greater (smaller) than zero, and wherein the average
positive (negative) dose difference 1s defined as the sum of
the values of the positive (negative) doses differences
divided by the number of such positive (negative) doses
differences. Without desiring to be bound by any theory, 1t
1s argued that increasing the reactive contributions (i.e., the
neurophysiological eflects due to classical conditioning and/
or reinforcement and/or unconditioned stimulus revaluation)
while reducing the active contributions (1.e., the elfects
provoked by the active ingredients of the drug) may deter-
mine a reduction 1n the physical addiction. Moreover, after
the accomplishment of the abovementioned procedure, a
decreasing of the reactive contributions can be employed, 1n
order to extinguish the reactive responses/eflects (which, 1n
general, may be resistant-to-extinction, so that it could not
be suilicient to extinguish them by simply performing a
progressive reduction of the active delivered doses without
accomplishing a proper schedule for the reactive contribu-
tions reduction), and the method may include: calculating
and delivering varying doses of vapor (or material or active
ingredients) to be delivered over sequential puils/trials, such
that, starting from a glven (predetermmed) trial, the average
positive dose diflerence 1s smaller 1n magmtude than the
average negative dose difference, subject to the constraint
that the average cumulative delivered dose (i.e., the sum of
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the doses delivered over successive pulls/trials divided by
the number of trials) of active drug or of active physiological
principle or of active ingredients 1s kept constant or gradu-
ally reduced (or set up as desired), subject to the constraint
that a dose can only assume values within a predetermined
range delimited by a settable or predetermined maximum
value and a settable or predetermined mimimum value,
and/or subject to the constraint that a dose diflerence can
assume values within predetermined ranges; wherein a dose
difference 1s defined as the difference between the dose of
vapor or material (including active ingredients) delivered or
inhaled 1n a given trial and the dose delivered or inhaled 1n
the trial immediately before, or as the difference between the
dose delivered or inhaled 1 a given tnial and a liner
combination of the doses delivered or inhaled sequentially 1n
some of the tnals immediately before, and wherein a posi-
tive (negative) dose diflerence 1s defined as a dose difference
whose value 1s greater (smaller) than zero, and wherein the
average positive (negative) dose difference 1s defined as the
sum of the values of the positive (negative) doses diflerences
divided by the number of such positive (negative) doses
differences.

In some embodiments, disclosed herein are methods and
apparatuses comprising an electronic inhalation device (e.g.,
e-cigarette, THS, vaporizer, acrosol generator, medicament
delivery device, etc.), configured to deliver successive and
sequential doses of vapor/material (including active ingre-
dients, drugs, and substances) such that the average positive
dose difference 1s greater 1n magnitude than the average
negative dose difference, subject to the constraint that the
average cumulative administered dose (1.e., the sum of the
doses delivered over successive pulls/trials divided by the
number of trials, wherein the considered number of trials can
range ifrom 2 to about 10, or to about 20, or to within about
100 (e.g., within about 90, within about 80, within about 75,
etc.) or to within about 1000, or to within about 5000 or as
a progressive and unbounded number of trials) 1s kept
constant over time or over successive trials, or 1t 1s reduced,
wherein a dose difference i1s defined as the difference
between the dose of vapor or material (including active
ingredients) delivered or inhaled 1n a given trial and the dose
delivered or inhaled 1n the trial immediately before, or as the
difference between the dose delivered or inhaled 1n a given
trial and a liner combination of the doses delivered or
inhaled sequentially 1 some of the trials 1immediately
betfore, and wherein a positive (negative) dose difference 1s
defined as a dose diflerence whose value 1s greater (smaller)
than zero, and wherein the average positive (negative) dose
difference 1s defined as the sum of the values of the positive
(negative) doses diflerences divided by the number of such
positive (negative) doses differences. In certamn embodi-
ments a trial may correspond to a pufl duration. In some
embodiments a stage may correspond to about 10 puils
duration. In some embodiments a stage may correspond to
about 12 pulls duration. In some embodiments a stage may
correspond to about 20 puils duration. In some embodiments
a stage may corresponds to about 30 puils duration. In some
embodiments a stage may correspond to about 1 day. In
some embodiments a stage may correspond to a time period
or to a time period of device activity or to a time period of
active user’s utilization of the device. In some embodiments
a stage may correspond to a full consumable unit (e.g., a
tobacco stick, a tobacco pod, a pod, a portion of loose-leaf
material, etc.). In some embodiments a stage may corre-
spond to the consumption and/or adoption/inhalation (at
least partially) of a tobacco stick (or tobacco pod, or tobacco
cigarette). In some embodiments a stage may correspond to
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the time needed to consume or to inhale a given portion or
quantity ol material (e.g., drug, nicotine, tobacco, etc.).

One of the features of the electronic medicament delivery
devices or systems and other apparatuses and methods
described 1n this disclosure 1s to deliver successive and
sequential doses of material (including active ingredients,
drugs, and substances) 1in a deterministic or random or
pseudo-random order, such that the average positive dose
difference 1s greater 1n magnitude than the average negative
dose difference, subject to the constraint that the average
cumulative administered dose (1.e., the sum of the doses
delivered over successive trials divided by the number of
trials) 1s kept constant or equal to a predetermined value over
time (or over successive trials) or 1t 1s reduced (or 1t 1s varied
and set as desired), and subject to the constraint that each
dose can take only values within a settable (or predeter-
mined) range, and/or subject to the constraint that a dose
difference can assume values within predetermined ranges,
wherein a dose difference i1s de<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>